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(54) ALL OPTICAL CLOCKS REGENERATIVE CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable mode clocked 
control by providing a first nonlinear element for generating 
an optical signal of a third wavelength from optical 
communication signals of a first and second wavelengths by 
the four optical wave mixing and second nonlinear element 
for generating an optical signal of a first wavelength from 
optical signals of a second and third wavelengths by the 
four optical wave mixing. 

SOLUTION: A light of a wavelength Xs passed through an 
optical filter 33 and an optical communication signal of 
wavelength Xp are combined by a multiplexer 35 and fed to 
a first semiconductor optical amplifier 1 1 to generate a new 
optical signal of wavelength X\ by the four optical wave 
mixing. Three output lights from the amplifier 11 are fed to a 
filter 1 3 to cut off the light of wavelength Xs but only the 
lights of Xp, X\ pass through this filter to a second 
semiconductor optical amplifier 12 to generate a new optical 
signal of wavelength Xs (~ZXp-X\) by the four wave mixing. 
Among output lights from this amplifier 12 only the light of X 

s runs on a ring resonator. Thus it is possible to modulate it and enable the mode locked control. 
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CLAIMS 



[Claim(s)] 

[Claim l] The laser equipment which constitutes a ring resonator and oscillates the light of the 1st wave, 
and the multiplexing machine the optical-communication signal of the 2nd wave is inputted [ machine ] 
into said ring resonator, and it multiplexs [ machine ] with said light of the 1 st wave, In all the optical 
clock regenerative circuits equipped with the coupler taken out from said ring resonator by making into 
an optical clock signal said lightwave signal of the 1st wave which synchronized with said optical- 
communication signal of the 2nd wave The 1 st nonlinear element which inputs said light of the 1st wave 
it was multiplexed [ light ] with said multiplexing vessel, and said optical-communication signal of the 
2nd wave, and generates the lightwave signal of the 3rd wave by 4 light-wave mixing in said ring 
resonator, The optical filter which intercepts said light of the 1 st wave among the output light of said 1st 
nonlinear element, All the optical clock regenerative circuits characterized by having the 2nd nonlinear 
element which inputs said optical-communication signal of the 2nd wave which passed said optical 
filter, and said lightwave signal of the 3rd wave, and generates the lightwave signal of the I st wave by 4 
light-wave mixing. 

[Claim 2] The 1st nonlinear element and the 2nd nonlinear element are all optical clock regenerative 
circuits according to claim 1 characterized by being a semi-conductor light amplifier. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to all the optical clock regenerative circuits that reproduce 
an optical clock signal from an optical-communication signal, without changing into an electrical signal. 

[0002] 

[Description of the Prior Art] Drawin g 3 shows the configuration of all the optical clock regenerative 
circuits that used conventional ring resonator laser equipment. In drawing, a light amplifier 31, an 
optical isolator 32, and an optical filter 33 are connected in the shape of a loop formation through an 
optical fiber, and the ring resonator laser equipment which has the oscillation wavelength according to 
the passage wavelength of an optical filter is constituted. As all optical clock regenerative circuits, a 
coupler 34, the multiplexing machine 35, and the mutual phase modulator 36 are inserted between an 
optical filter 33 and a light amplifier 31. 

[0003] An optical -communication signal is amplified with a light amplifier 37, and is inputted into a 
ring resonator through the multiplexing machine 35. In the mutual phase modulator 36, an optical- 
communication signal modulates oscillation light and mode locking control is added to laser equipment. 
Consequently, laser equipment generates the light pulse which synchronized with the frequency of an 
optical-communication signal. Ejection and an optical clock signal are reproduced from a coupler 34 in 
this light pulse. This principle of operation is reference. (KSmith, et al., "All-opticalclock recovery using 
a mode-locked 1 aser", IEE Electronics Letters, vol.28, pp. 1814-1816, 1992) It is indicated. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, in all the conventional optical clock regenerative 
circuits shown in dr awing 3 , about 1km optical fiber is used as a mutual phase modulator 36, and the 
nonlinear effect is used. Therefore, the light amplifier 37 of the high power which attains to several W 
was needed, and there was a trouble that the whole circuit became large-sized. Moreover, the limitation 
was in the clock frequency reproducible [ with distribution of an optical fiber ], and, now, playback of 
ultra high-speed clock signal about 10GHz or more was difficult. 

[0005] It is small and this invention aims at offering all the optical clock regenerative circuits that enable 

playback of a ultra high-speed clock signal. 

[0006] 

[Means for Solving the Problem] The laser equipment which all the optical clock regenerative circuits of 
this invention constitute a ring resonator, and oscillates the light of the 1st wave, The multiplexing 
machine the optical-communication signal of the 2nd wave is inputted [ machine ] into a ring resonator, 
and it multiplexs [ machine ] with the light of the 1 st wave, It has the coupler taken out from a ring 
resonator by making into an optical clock signal the lightwave signal of the 1 st wave which 
synchronized with the optical-communication signal of the 2nd wave. The 1st nonlinear element which 
furthermore generates the lightwave signal of the 3rd wave by 4 light-wave mixing from the light of the 
1st wave, and the optical -communication signal of the 2nd wave in a ring resonator, The optical filter 
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which intercepts the light of the 1st wave among the output light of the 1st nonlinear element, and the 
2nd nonlinear element which generates the lightwave signal of the 1st wave by 4 light-wave mixing 
from the optical-communication signal of the 2nd wave and the lightwave signal of the 3rd wave are 
inserted. 

[0007] Thus, into a ring resonator, two nonlinear elements (semi-conductor light amplifier) which 
perform 4 light-wave mixing are arranged, and the optical filter which intercepts the light of oscillation 
wavelength in the meantime is inserted. Thereby, since it is determined whether the light of oscillation 
wavelength goes the inside of a ring resonator around according to the existence of an optical- 
communication signal, it can take out the light of the oscillation wavelength as an optical clock signal 
which synchronized with the optical-communication signal. 
[0008] 

[Embodiment of the Invention] Drawing 1 shows the operation gestalt of all the optical clock 
regenerative circuits of this invention. In drawing, a light amplifier 31, an optical isolator 32, and the 
ring resonator laser equipment constituted with an optical filter 33 are the same as usual. It is lambdas 
about this oscillation wavelength. It carries out. As all optical clock regenerative circuits, a coupler 34, 
the multiplexing machine 35, the 1st semi-conductor light amplifier 1 1, an optical filter 13, and the 2nd 
semi-conductor light amplifier 12 are inserted between the optical filters 33 and light amplifiers 31 
which constitute a ring resonator. Wavelength lambdas to which this two semi-conductor light 
amplifiers 1 1 and 12 and optical filter 13 spread a ring resonator It becomes a means (it corresponds to 
the conventional mutual phase modulator 36) to modulate light. Here, it is lambdap about the 
wavelength of the optical-communication signal inputted into a ring resonator from the multiplexing 
machine 35. Carrying out, an optical filter 13 is wavelength lambdas. Light shall be intercepted. 
[0009] Wavelength lambdas which passed the optical filter 33 Light and wavelength lambdap It is 
multiplexed with the multiplexing vessel 35 and an optical-communication signal is inputted into the 1st 
semi-conductor light amplifier 1 1. In the 1st semi-conductor light amplifier 11, the new lightwave signal 
of wavelength lambdai (=21ambdap-lambdas) occurs by 4 light-wave mixing. The wavelength relation 
of these three light is shown in drawin g 2 . Three light outputted from the 1st semi-conductor light 
amplifier 1 1 is wavelength lambdas. It is inputted into the optical filter 13 which intercepts light, and is 
wavelength lambdap. Wavelength lambdai Only light passes and it is inputted into the 2nd semi- 
conductor light amplifier 12. In the 2nd semi-conductor light amplifier 12, the new lightwave signal of 
wavelength lambdas (=2lambdap-lambdai) occurs by 4 light-wave mixing similarly. It is wavelength 
lambdas among the light outputted from the 2nd semi-conductor light amplifier 12, Only light passes a 
light amplifier 31, an optical isolator 32, an optical filter 33, and a coupler 34, and returns to the 
multiplexing machine 35. Thus, it is wavelength lambdas when an optical-communication signal is 
inputted. A lightwave signal goes a ring resonator around. 

[0010] On the other hand, when an optical-communication signal is not inputted into this ring resonator, 
4 light-wave mixing does not take place with the 1st semi-conductor light amplifier 1 1, but it is 
wavelength lambdas from the 1st semi-conductor light amplifier 1 L Only light is outputted. However, 
this wavelength lambdas Since light is intercepted with an optical filter 13, a ring resonator is not gone 
around. Thus, when an optical-communication signal is inputted, the light which has spread the inside of 
a ring resonator can be modulated, and mode locking control is attained. Wavelength lambdas which 
will go a ring resonator around according to the gain saturation effect of a light amplifier 3 1 here if the 
gain of a light amplifier 31 is set up more greatly than loss of a ring resonator Loss of light can be 
compensated thoroughly and continuation of laser oscillation is possible. Therefore, the optical circuit of 
this configuration can operate as laser equipment by which mode locking control is carried out with an 
optical-communication signal, and can generate the light pulse which synchronized with the optical- 
communication signal. By taking out this light pulse from a coupler 34, an optical clock signal is 
reproducible. 

[001 1 ] In addition, since property time amount is the very high-speed phenomenon of 1 or less psec, 4 
light-wave mixing of a semi-conductor light amplifier is all the optical clock regenerative circuits of this 
invention. A ultra high-speed clock signal 100GHz or more is reproducible. Moreover, since a semi- 
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conductor light amplifier can be integrated with other components which are components with a 
magnitude of about hundreds of micrometers, and constitute ring resonator laser equipment, it can 
miniaturize easily. Similarly, it has high-speed 4 light-wave mixing phenomenon, and as long as other 
small components and integration are possible, nonlinear elements other than a semi-conductor light 
amplifier may be used. 
[0012] 

[Effect of the Invention] As explained above, since all the optical clock regenerative circuits of this 
invention are the configurations of performing mode locking control using high-speed nonlinear 
actuation called 4 light-wave mixing, they can reproduce a ultra high-speed clock signal. Moreover, 
since a minute nonlinear element can be used, for example like a semi-conductor light amplifier, it is 
realizable in a small-scale circuit. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing I] The block diagram showing the operation gestalt of all the optical clock regenerative 
circuits of this invention. 

[Drawin g 2] Drawing showing each wavelength relation of 4 light-wave mixing. 

[Drawing 3] The block diagram showing the configuration of all the optical clock regenerati ve circuits 

that used conventional ring resonator laser equipment. 

[Description of Notations] 

1 1 1st Semi-conductor Light Amplifier 

12 2nd Semi-conductor Light Amplifier 

13 Optical Filter 
3137 Light amplifier 

32 Optica] Isolator 

33 Optical Filter 

34 Coupler 

35 Multiplexing Machine 

36 Mutual Phase Modulator 
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DRAWINGS 
[Draw ing 1] 
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DRAWINGS 
[Drawing 1] 
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